Chlorhexidine is a widely used skin antisepsis preparation and is an ingredient in toothpaste and mouthwash. It is an especially effective antiseptic when combined with alcohol. Its antimicrobial effects persist because it is binds strongly to proteins in the skin and mucosa, making it an effective antiseptic ingredient for handwashing, skin preparation for surgery and the placement of intravascular access. Catheters impregnated with chlorhexidine and antimicrobial agents can reduce the incidence of catheter-related bloodstream infections. Contact dermatitis related to chlorhexidine is not common in health care workers. The incidence of contact dermatitis to chlorhexidine in atopic patients is approximately 2.5 to 5.4%. Acute hypersensitivity reactions to chlorhexidine are often not recognised and therefore may be underreported. This review discusses the pharmacology, microbiology, clinical applications and adverse effects of chlorhexidine.
Chlorhexidine was developed as an antiseptic agent by Imperial Chemical Industries, (Manchester, UK) in the 1950s 1 . Chlorhexidine is used widely as an antiseptic agent in medical practice and is an ingredient in personal hygiene items such as mouthwash and toothpaste 2 .
The aims of this review are to summarise the pharmacology, clinical uses and adverse effects of chlorhexidine.
CHEMISTRY
Chlorhexidine (1:6-di[4-chlorophenyldiguanido]hexane) is a bisbiguanide that consists of two chlorguanide chains linked by a hexamethylene chain. It is a strong base and is a di-cation at physiological pH.
Chlorhexidine is insoluble in water and is formulated with either gluconic or acetic acid to form water soluble digluconate or diacetate salts. Chlorhexidine solutions are colourless, odourless and have an extremely bitter taste 2 .
When used topically, the N-chlorinated derivative of chlorhexidine binds covalently to proteins in the skin and mucosa and results in a persisting antimicrobial effect with limited systemic absorption, even after an oral ingestion [3] [4] [5] .
MECHANISM OF ACTION
Chlorhexidine is adsorbed onto phosphatecontaining protein components in the bacterial cell wall. At bacteriostatic concentrations, it penetrates and disrupts the bacterial cytoplasmic membrane resulting in leakage of cytoplasmic components. At higher concentrations it exerts a bactericidal action by forming irreversible precipitates with intracellular adenosine triphosphate and nucleic acids after entering the cytoplasm via the damaged cytoplasmic membrane 2 .
Chlorhexidine has bacteriostatic, bactericidal, fungicidal, fungistatic and some virus killing properties. Minimum inhibitory concentrations are lower for Gram-positive bacteria than for Gramnegative bacteria because chlorhexidine has an organisms 1, 2 . Prolonged exposure increases the bactericidal effect for most bacteria. Chlorhexidine has minimal activity against acid fast bacilli or heat resistant bacterial spores. In contrast with povidone iodine, the antimicrobial activity of chlorhexidine is blood 3 .
OTHER COMMONLY USED ANTISEPTIC AGENTS
Iodine is commonly used as an antiseptic agent clinically. Iodine is usually formulated as an iodophor, which consists of iodine combined with a carrier molecule. This formulation increases the solubility of iodine and provides a reservoir for sustained release. The most commonly used iodophor is povidone iodine which is a 10% iodophor solution that contains 1% available iodine. Iodine molecules (I 2 ) penetrate microbial cell walls and cause oxidation of cysteine, iodination of amino acids and unsaturated fatty acids 6 . This leads to reduced protein synthesis and bacterial cell wall damage. Iodine and iodophors are effective against Gram-positive, Gram-negative and certain spore-forming bacteria, mycobacteria, viruses and fungi 3, 6 .
Isopropanol, ethanol and n-propanol are common alcohols used for antisepsis. Alcohols coagulate and denature proteins in the cytoplasmic membranes leading to cell lysis and impaired cellular metabolism 7 . The anti-microbial action of alcohol is maximal at alcohol concentrations of 60 to 95% with water because proteins are not readily denatured in the absence of water. Alcohols are effective against a wide range of Gram-positive and Gram-negative bacteria, including methicillin-resistant Staphylococcus aureus and vancomycin resistant Enterococcus, Mycobacterium tuberculosis, various fungi and viruses but are less effective against spores, protozoal oocysts and nonenveloped viruses 3, 7 .
CLINICAL APPLICATIONS OF CHLORHEXIDINE

Oral hygiene
Chlorhexidine is widely used in mouthwash solutions, but is also found in dental gels and toothpaste 8 . Chlorhexidine in mouthwash solutions binds to oral mucosal surfaces via electrostatic forces, inhibits dental plaque formation and exerts a bacteriostatic action that persists for several hours 9, 10 .
Hand antisepsis
Staphylococcus aureus and skin layers are associated with nosocomial infection. taphylococcus epidermidis) present in the deeper skin layers are less likely to be pathogenic 3 . A reduction in bacteria is achieved with antiseptic procedures. Alcoholreducing the number of bacteria on the hands of personnel, with antiseptic soaps and detergents the next most effective, and non-antimicrobial soaps the least effective 3 .
Solutions containing chlorhexidine are used to provide surgical hand antisepsis ('scrubbing') [11] [12] [13] . The reduction of bacterial counts, where a 1-log reduction represents a 10-fold decrease in bacterial counts (elimination of 90% of bacteria) and a 2-log reduction represents a 100-fold decrease (elimination of 99% of bacteria) 12 . Although total bacterial counts do not take into account the type or pathogenicity of bacteria remaining, pathogenic bacteria (e.g. Staphylococcus aureus are more easily removed by handwashing. The US Food and Drug Agency standards for antimicrobial effectiveness suggest a 1-log reduction of bacterial and 3-log reduction at 10 minutes 3 .
The most common antiseptic agents used are iodine, alcohol and chlorhexidine. Alcohol preparations have the fastest onset of action, followed by chlorhexidine and then povidone iodine. However, residual antimicrobial activity is greatest with chlorhexidine. Formulations that contain both chlorhexidine and alcohol combine the rapid onset of alcohol with the persisting effects of chlorhexidine 14 .
Traditional methods of surgical hand antisepsis involve the use of a brush and sponge with either chlorhexidine gluconate 4% or povidone iodine 10%. Newer handwash regimens using chlorhexidine and alcohol handrubs applied without a brush and sponge are quicker, produce equal or greater reduction in bacterial counts and result in better skin condition compared to traditional surgical scrubbing 11, 12 .
Surgical skin preparation decreases surgical count prior to skin incision. A non-blinded trial that compared the use of chlorhexidine (2%) with isopropyl alcohol (70%), chlorhexidine (2%) alone and isopropyl alcohol (70%) alone for surgical skin preparation showed that the combined chlorhexidinealcohol preparation achieved the highest bacterial count reduction 15 . A persisting antimicrobial effect was observed with chlorhexidine as evidenced by the reduction in bacterial counts at 24 hours. However, the bacterial count reduction criterion at 10 minutes was not achieved with chlorhexidine alone. The alcohol preparation was less effective at 24 hours. The authors concluded that the combination formulation provided a long-lasting antimicrobial activity that was alone 15 .
Overall the data indicates that chlorhexidinealcohol combination antiseptic solutions are effective and superior to iodine for handwashing and surgical skin preparation.
Venepuncture and vascular access
Chlorhexidine in alcohol is a superior antiseptic for skin preparation prior to venepuncture and vascular access. A multicentre randomised trial compared the use of alcoholic chlorhexidine 0.5% with povidone iodine 10% for skin preparation prior to venepuncture. Alcoholic chlorhexidine reduced contamination of blood cultures (14/1019 cultures [1.4%] vs. 34/1022 [3.3%], odds ratio 0.40, 95% CI 0.21 to 0.75, P chlorhexidine included a shorter onset of action and persisting antimicrobial activity in the presence of proteinaceous material such as blood 16 .
The use of chlorhexidine as a skin preparation solution reduces the incidence of intravascular catheter-related bloodstream infections 17, 18 . A metaanalysis of eight randomised trials (involving 4143 catheterisations) that compared chlorhexidine with povidone iodine in the care of vascular catheter sites showed a 50% risk reduction (1 vs. 2%) in catheterrelated bloodstream infection when chlorhexidine with alcohol was used. The risk reduction was achieved by the prolonged antimicrobial effect of and blood 18 . Current guidelines for the prevention of intravascular catheter-related infections emphasise the preferred use of 2% chlorhexidine in alcohol for skin antisepsis as well as strict sterile precautions 19 .
Central venous catheters
of catheter-related bloodstream infection is bacteraemia/fungaemia with an intravascular catheter, at least one positive blood culture obtained from a peripheral vein, clinical manifestations of infection and no apparent source for the bloodstream infection except the catheter. Catheter-related of morbidity and mortality and two pathogenic mechanisms for these are recognised. Extraluminal contamination occurs when skin organisms colonise and migrate along the external surface of the catheter to reach the intravascular catheter tip, and is the most common mechanism of infection. Intraluminal contamination can occur when the catheter hub is contaminated, or rarely when contaminated infusate is used.
Antibacterial-coated intravascular catheters reduce the incidence of bacterial colonisation and catheterrelated infections. Central venous catheters coated extraluminally with chlorhexidine and silver sulfadiazine (ARROWgard Blue™, Arrow International Inc, Reading, PA, USA) have been developed to reduce extraluminal contamination. Chlorhexidine disrupts the bacterial cell membrane the bacterial cell where they bind to the DNA helix and impair bacterial replication [20] [21] [22] . The antimicrobial substances leach out of the catheter into the surrounding tissue and this limits bacterial colonisation of the entry site and the spread of bacteria from skin along the catheter [21] [22] [23] [24] [25] . A metaanalysis compared the ARROWgard™ catheter with a non-impregnated catheter in terms of its venous catheters and catheter-related bloodstream infections 26 . Thirteen studies were included in the meta-analysis; ten studies evaluated both catheter colonisation and catheter-related bloodstream infection, two examined only catheter colonisation and one studied only catheter-related bloodstream infection. The impregnated catheter was associated (odds ratio 0.44, 95% CI 0.36 to 0.54, P <0.001) and catheter-related bloodstream infection (odds ratio 0.56, 95% CI 0.37 to 0.84, P=0.005).
An antimicrobial impregnated catheter containing minocycline and rifampicin on both external and intraluminal surfaces (Cook Spectrum, Cook Critical Care, Bloomington Indiana, USA) is also available 20, 27 . A multicentre, randomised control trial compared this catheter with the ARROWgard™ (chlorhexidine/ silver sulfadiazine impregnated catheter) in adult patients 27 . The chlorhexidine/silver sulfadiazine catheter was associated with a higher rate of bacterial colonisation ( Therefore, the use of chlorhexidine-alcohol skin preparation during vascular cannulation and catheter-related bloodstream infections in critically ill patients who require long-term vascular access.
Placement of epidural catheters
Antiseptic solutions are used for skin preparation prior to the insertion of epidural catheters in order to reduce the risk of epidural infection. Studies on agent prior to epidural catheterisation utilise rates of bacterial colonisation of the catheter tips as a surrogate outcome, but have reported mixed results 28, 29 . A randomised study involving 100 paediatric patients compared the use of 0.5% chlorhexidine and 10% povidone iodine as a skin antiseptic agent prior to epidural insertion 28 . Five of 44 catheters tips (5.6 per 100 catheter-days) were colonised in the iodine group compared with 1 of 52 (0.9 per 100 catheter-days) in the chlorhexidine group (relative risk 0.2 [P=0.02]). However, another randomised trial compared 10% povidone iodine with 0.5% chlorhexidine in ethanol for skin preparation prior to epidural insertion in 62 gynaecological surgical patients and reported that there were no differences in rate of epidural catheter colonisation (positive site cultures 7/28 [25%] in the povidone iodine group vs. 8/34 [24%] in the chlorhexidine group) 29 .
It is suggested that a reduction in bacterial colonisation at the catheter site may reduce bacteria tracking along the epidural catheter that may lead to an epidural infection. A randomised controlled trial urethane patch dressing (Biopatch™, Johnson and Johnson, Arlington, Texas, USA) applied to epidural insertion sites to reduce rates of epidural catheter colonisation 30 31 .
Other uses
Preoperative baths using chlorhexidine have been advocated to reduce postoperative wound infection. However, three studies including a multicentre, randomised, double-blind, controlled trial (involving over 11,000 patients) failed to demonstrate any reduction in postoperative wound infection rates [32] [33] [34] . a comprehensive protocol for urinary catheterisation [35] [36] [37] [38] .
Bladder irrigation with chlorhexidine 0.005% reduced urinary tract infection during prolonged urinary catheterisation 35 .
ADVERSE EFFECTS
Adverse effects of chlorhexidine are rare. Fifty adverse reactions 39 Although chlorhexidine is a common ingredient in dental care products, adverse effects of chlorhexidine such as staining of teeth, salivary calculus formation and transient dulling of taste sensation are rare 4, 9 .
Oral ingestion
Although oral ingestion of chlorhexidine is usually well tolerated because negligible systemic absorption occurs, adverse effects can occur when large doses are ingested [35] [36] [37] [42] [43] [44] fed formula prepared with chlorhexidine 0.05% (mistaken for sterile water), four developed oedema of the tongue and oral ulcers and one had acute pulmonary oedema 42 . An 80-year-old woman who accidentally ingested 10 g of chlorhexidine (200 ml of 5% solution) died after developing an acute respiratory distress syndrome 43 . Ingestion of 30 g of chlorhexidine in a patient who attempted suicide caused diffuse fatty degeneration of the liver and lobular hepatitis 45 .
Intra-articular irrigation
Accidental intra-articular irrigation with aqueous 1% chlorhexidine during knee arthroscopy caused persisting pain, swelling, crepitus and stiffness, synovium 46 .
Corneal damage
Care should be taken to prevent contact between chlorhexidine preparations and the eyes of patients and staff. Animal studies showed that chlorhexidine (4%) caused immediate stromal oedema leading to Chlorhexidine has been reported to cause corneal damage during presurgical skin preparation during cataract surgery 47 , craniotomy 48 , ethmoidectomy 48 , blepharoplasty and facial reconstructive surgery 49 or by accidental spillage into the eye 50 . Lower concentrations of chlorhexidine are used in ophthalmological preparations without any toxicity 47 .
Intravenous administration
A review of chlorhexidine toxicity reported inadvertent intravenous chlorhexidine administration in three patients. Haemolysis occurred in two patients and this was attributed to the hypotonicity of the solution 2 . An accidental intravenous administration of 0.8 mg of chlorhexidine gluconate in a 67-year-old male patient was successfully treated with plasma exchange and extracorporeal membrane oxygenation for severe hypoxaemia 51 .
Diathermy burns
Solutions containing chlorhexidine and alcohol have been reported to cause diathermy burns as a result of the alcohol content. In one case report, incontinence pads placed under patients absorbed the chlorhexidine-alcohol solution and ignited when diathermy was applied 52 .
Ototoxicity
Chlorhexidine is toxic to the middle ear. Preoperative disinfection of the ear with chlorhexidine has been associated with deafness after myringoplasty 53 . Animal studies have demonstrated damage to the vestibular nerve and cochlear structures with the loss of vestibular and auditory evoked potentials when chlorhexidine was applied to the middle ear [54] [55] [56] .
Skin reactions
Chlorhexidine-impregnated dressings are associated with localised skin reactions in very low birth weight infants. A randomised controlled trial compared a chlorhexidine gluconate-impregnated dressing with povidone iodine for central venous catheter site care and reported nine skin reactions in 300 babies 57 . The authors suggested that the reduced thickness of the stratum corneum and diminished cohesion between the dermis and epidermis increased susceptibility of low birth weight infants to these skin reactions.
is associated with skin sterilisation swabs containing chlorhexidine 58 , 0.05% chlorhexidine irrigation solutions (used prior to inserting an intrauterine contraceptive device) 59 and chlorhexidine skin 'prep' solutions prior to surgery 60 . The incidence of contact dermatitis was 2.5% in patients patch tested with chlorhexidine gluconate 1% at a Danish skin clinic 61 . In atopic patients 62 , the incidence of contact dermatitis to chlorhexidine gluconate 1% was 5.4%.
Acute hypersensitivity reactions
Chlorhexidine is often overlooked as a potential cause of acute hypersensitivity (anaphylactic or anaphylactoid) reactions [63] [64] [65] [66] [67] [68] [69] . Acute hypersensitivity reactions to chlorhexidine have been reported with the use of chlorhexidine as a skin antiseptic for surgery, insertion of epidural catheters, urological catheterisation, chlorhexidine-coated central venous catheters, lubricant gel, over-the-counter antiseptics and as an antiseptic for mucous membranes. These reactions to chlorhexidine usually occur early during surgery and anaesthesia because chlorhexidine is the placement of various catheters.
The incidence of anaphylaxis to chlorhexidine Japan between 1967 and 1984 64 , 11 cases in Australia between 1985 and 1994 65 , and three cases in Finland up to 1999 66 . The Danish Anaesthesia Allergy Centre established in 1998 investigated 36 subjects who suffered anaphylactoid reactions referred to it up to July 2001 67 . Four out of 21 patients (who had positive tests to various agents perioperatively) showed positive reactions to chlorhexidine 67 . Topical chlorhexidine can cause anaphylaxis, especially when applied to mucosal surfaces. Nine cases of anaphylactic shock were among the 50 cases of adverse reactions to chlorhexidine reported to the Japanese Ministry of Welfare between 1967 and 1984, and all were associated with mucosal application of chlorhexidine. This led to the Japanese Ministry of Welfare recommendation that chlorhexidine should not be used on mucous membranes 64 . A similar case report from Australia described acute hypersensitivity reaction in the post anaesthetic care unit from chlorhexidine applied to the vaginal mucosa at the end of surgery 70 .
Chlorhexidine can also cause acute hypersensitivity reactions when applied to the skin 71 . Several case reports of intraoperative anaphylaxis to chlorhexidine have been recorded and the authors stress the importance of considering chlorhexidine as a cause of anaphylactic reactions during surgery because of the ubiquitous sources (skin creams, throat lozenges) of sensitisation to chlorhexidine 41, 72, 73 .
There are at least 22 cases of anaphylaxis associated with urethral lubricant gel containing chlorhexidine used during urinary catheterisation [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] . Urethral lubricants are often overlooked as a potential cause of anaphylaxis.
Numerous wound dressings are impregnated with chlorhexidine. Gauze dressings impregnated with chlorhexidine acetate per 100 g], Smith and Nephew Pharmaceuticals, London, UK) have been reported to cause anaphylaxis 73 .
Anaphylaxis to chlorhexidine-coated central venous 83 . There are at least three cases reported in the literature [83] [84] [85] . Bronchospasm was not a prominent feature in these cases [84] [85] [86] . A US Food and Drug Administration Notice released in 1998 reported that 13 cases of anaphylactoid type reactions to chlorhexidine-coated central venous catheters had occurred in Japan 86 .
Sensitisation to chlorhexidine
The risk of sensitisation and allergy to chlorhexidine in health care workers is small. In a Danish study 87 that investigated the prevalence of type IV and type I hypersensitivity reactions to chlorhexidine, there were no positive reactions in 104 health care workers who underwent skin patch, skin-prick and intradermal testing. The incidence of type IV allergy to chlorhexidine in dermatology patients 88 is 1 to 2.5%. Sensitisation to chlorhexidine is more likely after mucosal exposure than with handwashing because transdermal absorption of chlorhexidine is minimal. A case study described two nurses who developed asthma after exposure to a surface disinfectant spray containing chlorhexidine and alcohol. Challenge tests with the aerosol showed a decrease in FEV1. The asthmatic symptoms resolved when the use of the aerosol was discontinued 89 .
CONCLUSION
Chlorhexidine is an effective antiseptic agent that retains antimicrobial activity in the presence of blood provide more rapid and longer lasting reductions in bacterial counts compared with iodine preparations. Central venous catheter infections can be reduced by using chlorhexidine for skin preparation, and using chlorhexidine-coated catheters. Although serious adverse reactions to chlorhexidine are rare, chlorhexidine is an uncommon but under-recognised cause of anaphylaxis. Chlorhexidine causes corneal damage and is ototoxic, and should be prevented from contacting the cornea and middle ear. 
Microsporum canis 4
Microsporum fulvum 6
Microsporum gypseum 6
Trichophyton equinum 4
Trichophyton interdigitale 3
Trichophyton mentagrophytes 3
Trichophyton quinkeanum 3
Trichophyton rubrum 3
Trichophyton tonsurans 3
MIC=minimum inhibitory concentration. 
